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Microwave Antenna Feed with Integral Bandpass Filter 

Inventor: Scott Parsons 

Field of Invention 

[0001] This invention is generally directed to an antenna feed and, more particularly, 

to an antenna feed including an integral bandpass filter! 
Background of the Invention 

[0002] Antennas are widely used throughout the industrialized world to transmit and 

receive electromagnetic energy. The electromagnetic energy is typically used to 
carry some sort of signal which can be decoded to result in usable data. Examples 
of the uses of antennas include cellular telephones, television, radio, radar, and 
numerous other applications. 

[0003] An exemplary antenna of the prior art is depicted in Figure 1. Antenna 100 

contains a reflector 102 and a feed 104. The assembly containing reflector 102 and 
feed 104 is typically supported by some form of stand or structure 106. Antenna 100 
operates in the following manner: In receiving mode, reflector 102 reflects 
electromagnetic waves and directs the electromagnetic waves to feed 104. In 
transmission mode, feed 104 transmits an electromagnetic wave that is reflected to 
the environment via reflector 102. The signal from/to feed 104 passes through a 
sutiable transmitter/receiver 108. 

[0004] Another view of an antenna is presented in Figure 3. Parabolic reflector 302 

performs substantially the same function as reflector 102 of Figure 1, i.e., directing 
electromagnetic waves to and from the correct point. Feed 310 contains a reflector 
element 304 and a dipole 306. Reflector element 304 directs the signal to/from 
parabolic reflector 302 to dipole 306. Dipole 306 is typically coupled to a transmitter 
or receiver (not shown), possibly through a device to amplify the signal. 
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[0005] When using antennas for communication purposes, it is often desirable to 

restrict the electromagnetic signal being transmitted/received to within a certain 
frequency range. Different frequencies are used for different purposes. For example, 
cellular phones are assigned frequencies within a particular range, AM and FM radio 
stations are assigned frequencies within another range, and so forth. When an 
electromagnetic signal contains frequencies that are not desirable, it becomes 
difficult to separate the correct signal from the unwanted frequencies (i.e., "noise"). 
Thus, it is desirable to maximize the signal-to-noise ratio, which is expressed in 
decibels (dB). 

[0006] In the prior art, many antenna systems incorporate a bandpass filter between 

the antenna and the receiver or between the antenna and the transmitter. The effect 
of a bandpass filter is illustrated in Figures 2A and 2B. Figure 2A presents a signal 
without the use of a bandpass filter. The X-axis 202 is the frequency of the signal 
and the Y-axis 204 is the amplitude of signal 206. It is evident that there is a large 
amount of signal that is outside of the desired center frequency 208. Figure 2B 
presents the signal after being passed through a bandpass filter. It can be seen that 
signals outside of a particular range are at a lower amplitude than the signals at the 
desired frequency 208. By reducing the signal outside of the desired frequency, it is 
easier for transmitter/receiver 108 to process the signal because of the reduction in 
noise. Furthermore, it should also be noted that by reducing the unwanted 
frequencies during transmit, there is less noise introduced into the atmosphere, 
thereby improving the performance of other systems operating in the same 
frequency range, even though those^systems may not have bandpass filtering. 

[0007] In the prior art, the bandpass filter is typically a four or six pole ceramic filter. 

These filters are effective at removing unwanted frequencies, but are undesirable in 
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a number of respects. For example, the cost of such ceramic filters can be very 
high. Furthermore, a significant insertion loss (a reduction of signal strength of the 
processed signal compared to the unprocessed signal) may be introduced by these 
ceramic filters, in some cases greater than 0.4 dB. Because of the low strength of 
the received signal, such an insertion loss is highly undesirable. 
Summary of the Invention 

[0008] An antenna feed in accordance with the present invention generally includes 

one or more bandpass filter elements positioned between a dipole antenna and a 
reflector. In a system in which the dipole antenna is contained on a printed circuit 
board, the bandpass filter elements may comprise conductive traces on the printed 
circuit board that serve to filter unwanted frequencies. 
Brief Description of the Drawings 

[0009] A more complete understanding of the present invention may be derived by 

referring to the detailed description and claims when considered in connection with 
the Figures, where like reference numbers refer to similar elements throughout the 
Figures, and: 

[0010] Figure 1 illustrates an antenna system of the prior art; 

[001 1] Figures 2A and 2B are graphs illustrating the effect of a bandpass filter; 

[0012] Figure 3 is a cross-section view of an antenna system of the prior art; and 

[0013] Figure 4 is a cross-section view of an antenna system in accordance with an 

embodiment of the present invention; 
[0014] Figure 5A illustrates a prior art antenna implemented on a printed circuit 

board (PCB); 

[0015] Figure 5B illustrates an antenna in accordance with the present invention, as 

implemented on a PCB; and 
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[0016] Figure 6 illustrates a PCB antenna in accordance with the present invention, 

showing exemplary measurements. 
Detailed Description 

[0017] In general, an antenna feed in accordance with the present invention 

incorporates one or more bandpass filter elements (e.g., passive metallic elements) 
advantageously positioned with respect to the reflector element and the dipole 
element. The number, geometry, and spatial location of the various bandpass filter 
elements may be selected in accordance with, for example, the desired center 
frequency and bandwidth of the filter. 

[0018] The present invention may be described herein in terms of various functional 

components, processing steps, and antenna configurations. It should be 
appreciated that such functional components may be realized by a variety of 
different hardware or structural components configured to perform the specified 
functions. For purposes of illustration only, exemplary embodiments of the present 
invention will be described herein. Further, it should be noted that, while various 
components may be suitably coupled or connected to other components, such 
connections and couplings may be realized by a direct connection between 
components, or by a connection through other components and devices. 

[0019] With reference to Figure 4, an exemplary embodiment of the present 

invention is shown in cross-section in the context of a parabolic antenna as depicted 
in Figure 3. Parabolic reflector 302, feed 310, reflector 304, and dipole 306 are 
comparable to the respective elements shown in Figure 3. In accordance with the 
present invention, however, two bandpass filter elements 410 and 412 are provided 
between reflector 304 and dipole 306. The presence of filter elements 410 and 412 
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provide a bandpass filter effect, thereby reducing out-of-band noise, increasing 
efficiency, and increasing the signal-to-noise ratio. 
[0020] In one embodiment of the present invention, bandpass filter elements 410 

and 412 are constructed as metallic elements placed between reflector 304 and 
dipole 306 within an antenna feed housing. In the illustrated embodiment, bandpass 
elements 410 and 412 are placed symmetrically with respect to dipole 306 and 
reflector 304. 

[0021] While the embodiment shown in Fig. 4 depicts two bandpass elements 

having uniform cross-sectional thicknesses positioned parallel to each other 
between dipole 306 and reflector 304, the present invention comprehends any 
number of variations of this configuration, for example: the use of any number of 
bandpass elements (e.g., 1, 2, 3, or more elements); the use of bandpass elements 
having rectilinear, curvilinear, or any other suitable shape; the use of symmetrical 
and/or non-symmetrical elements; and the symmetrical and/or non-symmetrical 
positioning of the elements with respect to each other and other antenna 
components within the system. Furthermore, while the illustrated embodiment has 
been described in the context of metallic bandpass elements, the present invention 
is suitably implemented using any material or combination of materials capable of 
affecting the electromagnetic field of the antenna, including various metals, 
composite materials, and/or semiconductor materials. 

[0022] In an alternate embodiment of the present invention, various components of 

the antenna are constructed on a printed circuit board ("PCB") or other suitable 
planar substrate (for example, a semiconductor or high dielectric constant 
substrate). Accordingly, such antenna systems are often referred to as "planar," or 
"uniplanar" antennas. 
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[0023] Fig. 5B illustrates an exemplary planar antenna feed, wherein bandpass filter 

elements 410 and 412 are implemented as substantially planar rectangular traces 
on the surface of the substrate 504. In contrast, prior art planar antennas are 
typically configured as shown in Fig. 5A, and thus require additional circuitry to 
implement the bandpass filter. 

[0024] There is little extra cost involved in creating such feature (i.e., bandpass 

elements 410 and 412), because there is no external element needed; bandpass 
elements 410 and 412 may be fabricated at the same time dipole 306 and reflector 
304 are fabricated. In this regard, the various antenna components may be 
deposited, grown, or otherwise fabricated using any suitable technique now known 
or later developed, including conventional PCB and semiconductor processing 
techniques. 

[0025] Bandpass elements 410 and 412 comprise any suitable field-altering 

material, including various metals (copper, brass, aluminum, gold, etc.) and 
semiconductors (polycrystalline silicon, etc.), and may be fabricated as thick or thin 
films. In one embodiment, the bandpass elements comprise a metal (e.g., copper) 
having a thickness of between about 0.6 and 0.8 mils. 

[0026] As discussed above, the shape, size, and layout of bandpass elements 410 

and 412 are selected in accordance with the total bandwidth and center frequency 
required of the bandpass filter. In one embodiment, detailed below in conjunction 
with Fig. 6, the bandpass elements 410 and 412 are configured to produced a 
bandpass frequency range of about 2400 MHz to 2483 MHz, with a center 
frequency of about 2440 MHz, wherein signals outside this range are attenuated 
approximately 15 dB. Such an embodiment is particularly applicable in wireless 
modem applications (i.e., "WiFi") conforming to one or more of the 802.11 
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specifications, such as 802.11b. That is, a planar antenna feed in accordance with 
the present invention may be incorporated into personal data assistants, portable 
computers, Ethernet cards, pagers, or any other such wireless device. 

As shown in Fig. 6, the illustrated embodiment includes two elongated 
rectangular elements 410 and 412 positioned symmetrically between reflector 304 
and dipole 306. Dipole 306 has a width W D and a length Ld. Similarly, reflector 304 
has a length Lr and width Wr. Bandpass element 410 is an elongated rectangular 
element having a length Li, a width Wi, and a center line located Si from the 
centerline of dipole 306. Bandpass element 412 has a length L 2 , a width W 2 , and a 
center line located S 2 from dipole 306. 

The ratios of distances, thicknesses, and widths shown in Fig. 6 may be 
selected in accordance with the desired bandpass characteristics. Normalizing by 
the length and width of dipole 306 (L D and W D ), for example, the illustrated 
embodiment has the following approximate dimensionless values: 

Lr/L d =1.15 

S r /L d =0.45 

Li/L d =1 .00 

Si/L D =0.38 

S 2 /L d =0.21 

L 2 /L d =0.48 

W r /W d =0.63 

Wi/W d =0.18 

W 2 /W D =0.23 

Furthermore, in a preferred embodiment, W D has a value in the range of 
approximately 190 mils to approximately 200 mils, preferably between 
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approximately 192 mils and 197 mils, and most preferably approximately 195 mils. 
Similarly, I_d has a value in the range of approximately 205 mils to approximately 
215 mils, preferably between approximately 207 mils and 213 mils, and most 
preferably approximately 210 mils. 
[0039] As mentioned above, the particular dimensions of the planar antenna feed 

are selected to implement^the desired filter characteristics. This selection may be 
accomplished in a number of ways, for example, through computer modeling (based 
appropriate electromagnetic field relations), empirical studies, closed-form solutions, 
or a combination thereof. Furthermore, the methods of the present invention may be 
employed to implement other forms of filters, e.g., low-pass filters, high-pass filters, 
and higher order filters. 

[0040] It is to be understood that the above-described embodiments are merely 

illustrative of some of the many specific embodiments which represent applications 
of the principles of the present invention. Numerous other arrangements can be 
readily devised by those skilled in the art without departing from the scope of the 
invention. 
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